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(57) ABSTRACT

According to one embodiment, a medical image display
apparatus includes at least a time 1nformation obtaining unit,
an 1mage storage unit, a display unit, a display umt, and an
indicating unit. The time information obtaining unit obtains
information on a scan sequence and obtains scan time infor-
mation as mmformation of a time when a medical 1image 1s
picked up 1n accordance with the scan sequence. The image
storage unit stores the scan time mformation in association
with the medical image. The display unit simultaneously
displays the medical image including the scan time informa-
tion stored 1n the 1mage storage unit and a time chart indicat-
ing the scan sequence. When a predetermined medical image
displayed on the display unit is selected, the indicating unit
displays an 1image indicating a time position on the time chart
corresponding to the scan time information included in the
medical image.

11 Claims, 10 Drawing Sheets
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MEDICAL IMAGE DISPLAY APPARATUS
AND PROGRAM

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a Continuation Application of No. PCT/
JP2012/065032, filed on Jun. 12, 2012, and the PCT applica-
tion 1s based upon and claims the benefit of priority from
Japanese Patent Application No. 2011-132511, filed on Jun.
14,2011, the entire contents of which are incorporated herein
by reference.

FIELD

Embodiments described herein relate generally to a medi-
cal image display apparatus and a program.

BACKGROUND

An X-ray CT apparatus performs scanning to irradiate a
patient’s organ region with X-rays in multiple directions and
executes 1mage reconstruction processing on the basis of
projection data obtained by the X-rays penetrating the organ
region 1n each direction, thereby providing a cross-sectional
image of the organ region. Prior to a scan, an operator needs
to make a plan for scan conditions and conditions of 1image
reconstruction processing for an organ region and a diagnos-
tic purpose. Such a plan 1s called “scan plan.” Generally, an
X-ray CT apparatus provides a user interface environment for
a scan plan carried out on an operation console.

A conventional X-ray CT apparatus performs imaging in a
7. direction (a body axis direction) within a small range such
as 40 mm at a time, so that time-series 1maging, 1.€., a SO-
called dynamic scan has been hardly performed. However, 1n
recent years, because multi-detector row X-ray CT appara-
tuses have become popular, normal 1maging and a dynamic
scan 1s increasingly combined. In particular, for example, 1n
multi-slice CT that uses 256 or more rows of tlat panel detec-
tors being wide 1n the slice direction, since the number of scan
mode options 1s very large and imaging speed 1s considerably
high, 1t 1s useful to plan more scans such as dynamic imaging,
an S & S scan, and a helical scan all 1n a sequence.

Thus, a scan sequence 1s displayed so as to provide a user
with 1ntuitive understanding of the enfire scan sequence
including order of scans and scan 1ntervals.

Conventionally, however, images are only displayed on the

order of reconstruction 1n an 1mage confirmation screen that
1s checked after a scan, and information about time when the
images are picked up (hereinafter, referred to as the time
information of the 1mage) 1s not taken 1nto account when the
images are displayed. In addition, 1f obtained images are
made 1into a bundle 1n a time direction, time information of the

images cannot be visually checked.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the mnvention, and together with the general descrip-
tion given above and the detailed description of the embodi-
ments given below, serve to explain the principles of the
invention.

FI1G. 1 1s a block diagram 1llustrating a schematic configu-
ration of an X-ray CT apparatus according to an embodiment
of the present invention.
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FIG. 2 1s a block diagram 1illustrating a detail of a control
unit.

FIG. 3 1s a flow chart illustrating an exemplary operation of
an X-ray CT apparatus according to a first embodiment.

FIG. 4 illustrates an exemplary time chart of changes 1n
dose 1n a scan plan.

FIG. S illustrates an exemplary confirmation screen includ-
ing bound stacks.

FIG. 6 1llustrates an exemplary confirmation screen includ-
ing time-scale display of the bound stacks.

FIG. 7 illustrates an exemplary time chart of changes 1n
dose 1n a scan plan occurring 1 a subject body moves.

FIG. 8 1s a flow chart illustrating an exemplary operation of
an X-ray CT apparatus according to a second embodiment.

FIG. 9 1s an explanation diagram 1llustrating another exem-
plary confirmation screen including bound stacks.

FIG. 10 1s an explanation diagram illustrating another

exemplary confirmation screen including time-scale display
of the bound stacks.

DETAILED DESCRIPTION

Hereinbelow, a description will be given of a medical
image display apparatus and a program according to embodi-
ments of the present invention with reference to the drawings.

In general, according to one embodiment, a medical image
display apparatus includes a time information obtaining unit,
an 1mage storage umt, a display unit, a display unit, and an
indicating umit. The time information obtaining unit obtains
information on a scan sequence and obtains scan time infor-
mation as information of a time when a medical 1mage 1s
picked up 1n accordance with the scan sequence. The 1image
storage unit stores the scan time information obtained by the
time information obtaining unit in association with the medi-
cal image. The display unit simultaneously displays the medi-
cal image 1ncluding the scan time imnformation stored in the
image storage unit and a time chart indicating the scan
sequence. When a predetermined medical image displayed on
the display unit 1s selected, the indicating unit displays an
image indicating a time position on the time chart corre-
sponding to the scan time information included 1n the medical
1mage.

First Embodiment

A medical image display apparatus according to a first
embodiment treats information i which medical 1images
picked up 1n accordance with a scan sequence are associated
with times when the medical images are picked up. In the
tollowing description, as the medical image display apparatus
according to the present embodiment, an X-ray CT apparatus
1s used by way of example.

FIG. 1 1s a block diagram 1illustrating a schematic configu-
ration of an X-ray CT apparatus 100 according to an embodi-
ment of the present invention. The X-ray CT apparatus 100
mainly includes a scanner apparatus 50 and an 1mage pro-
cessing apparatus 60. The scanner apparatus 50 of the X-ray
CT apparatus 100 1s typically installed 1n an examination
room and configured to generate X-ray transmission data on
an area ol an object P. On the other hand, the image processing
apparatus 60 1s typically installed 1n a control room adjacent
to the examination room and configured to generate projec-
tion data on the basis of the transmission data to generate and
display a reconstruction image.

The scanner apparatus 50 includes an X-ray tube (X radia-
tion source) 21, a diaphragm 22, an X-ray detector 23, a DAS
(data acquisition system) 24, a rotation portion 25, a high
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voltage power supply 26, a diaphragm driving apparatus 27, a
rotation driving apparatus 28, an injector (contrast medium
agent 1njecting apparatus) 29, a top board 30, a top board
driving apparatus 31, and a controller 32.

The X-ray tube 21 causes an electron beam to collide with
a metal target 1n response to a tube voltage supplied from the
high voltage power supply 26 to generate bremsstrahlung
X-rays, and applies the X-rays to the X-ray detector 23. Fan
beam X-rays and cone beam X-rays are formed by the X-rays
applied from the X-ray tube 21. The X-ray tube 21 1s supplied
with power required to apply X-rays in response to control of
the controller 32 through the high voltage power supply 26.

The diaphragm driving apparatus 27 causes the diaphragm
22 to adjust an area to be irradiated by the X-ray tube 21 with
X-rays 1n a slice direction. That 1s, the diaphragm driving
apparatus 27 1s allowed to adjust an aperture of the diaphragm
22 to change the area irradiated with X-rays 1n the slice
direction.

The X-ray detector 23 1s a one-dimensional array type
X-ray detector 23 (also referred to as a single-slice type
detector) having a plurality of channels arranged 1n a channel
(CH) direction and a single row of X-ray detecting elements
(charge storage elements) arranged in the slice direction.
Alternatively, the X-ray detector 23 1s a matrix-formed X-ray
detector 23, namely, a two-dimensional array type detector
(also referred to as a multi-slice type sensor) having a plural-
ity of channels 1n the channel direction (CH) and a plurality of
rows ol X-ray detecting elements 1n the slice direction. The
X-ray detecting elements of the X-ray detector 23 senses
X-rays applied from the X-ray tube 21.

The DAS 24 amplifies signals of transmission data sensed
by each X-ray detecting element of the X-ray detector 23 and
converts the signals into digital signals. Output data from the
DAS 24 1s supplied to the image processing apparatus 60
through the controller 32 of the scanner apparatus 50.

The rotation portion 235 holds the X-ray tube 21, the dia-
phragm 22, the X-ray detector 23, and the DAS 24 as an
integrated umit. The rotation portion 235 can rotate about the
object P with the X-ray tube 21, the diaphragm 22, the X-ray
detector 23, and the DAS 24 being an integrated unit and with
the X-ray tube 21 and the X-ray detector 23 opposing each
other. It 1s assumed that a direction parallel to an axis of
rotation of the rotation portion 25 1s defined as a z axis
direction, and a plane orthogonal to the z axis direction 1s
defined with an x axis direction and a y axis direction.

The high voltage power supply 26 supplies the X-ray tube
21 with power required to apply X-rays in response to control
ol the controller 32.

The diaphragm driving apparatus 27 has a mechanism that
allows, 1n response to control of the controller 32, the dia-
phragm 22 to adjust an area to be irradiated with X-rays 1n the
slice direction.

The rotation driving apparatus 28 has a mechanism that
allows, in response to control of the controller 32, the rotation
portion 25 to rotate about a cavity space with a positional
relationship of the rotation portion 25 maintained.

The 1njector 29 1s an apparatus that, in response to control
of the controller 32, injects a contrast medium agent 1n a
catheter (a catheter tube, not shown) that 1s mserted 1n an
alfected area of the object P.

The top board 30 1s a bed on which the object P can be
placed. The top board driving apparatus 31 has a mechamism
that, 1n response to control of the controller 32, moves the top
board 30 up and down along the v axis as well as backward
and forward along the z axis. The rotation portion 23 has an
opening in a central portion. The object P who 1s placed on the
top board 30 at the opening space 1s put into the opening.
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The controller 32 controls the X-ray detector 23, the DAS
24, the high voltage power supply 26, the diaphragm driving
apparatus 27, the rotation driving apparatus 28, the mjector
29, and the top board driving apparatus 31 to perform a scan.

The 1image processing apparatus 60 has a computer-based
configuration and includes a control unit 10, a display umit 12,
an operation unit 13, a communicating unit 15, a storage unit
16, an information storage medium 17, and an 1mage database
19. These units are allowed to communicate with each other
via a bus. The control unit 10 of the 1mage processing appa-
ratus 60 1s connected to the controller 32 of the scanner
apparatus 50 and controls the operations of both of the appa-
ratuses. Also, the image processing apparatus 60 1s capable of
communicating with an external device via a network N such
as a backbone LAN (local area network) 1n a hospital.

The operation unit 13 may be a keyboard or a mouse and 1s
used to mput data. Also, the operation unit 13 1ssues an
instruction to perform operations of mechanisms in the scan-
ner apparatus 50 via the controller 32. The commumnicating
unit 15 1s connected to the LAN 1n the hospital to communi-
cate with an external device.

The display unit 12 may be a monitor. The display unit 12
combines projection image data generated by the control unit
10 with examination imnformation (characters and scales of
parameters) such as a patient name 1nto signals, D/A-converts
the resultant signals, and displays the converted signals as
video signals. Examples of the display unit 12 include a
reference monitor for displaying a projection image output
from the control unit 10, as a still image and a system monitor
for chiefly displaying data used to control the scanner appa-
ratus 50, such as data for changing FOV (field of view).

Also, as a confirmation screen to be checked after a scan,
the display unit 12 displays tomogram data and a scan
sequence created with a scan plan creating unit 102 described
later at the same time.

The storage unit 16 1s a work area for the control unit 10 and
the communicating unit 15, and may be provided by RAM
(Random Access Memory).

The mnformation storage medium 17 (a computer-readable
medium) 1s storage of a program and data. The information
storage medium 17 may be provided by a hard disk drive or
memory (Flash Memory, ROM: Read Only Memory). In the
information storage medium 17, applications and a program
for causing a computer to function as portions in the present
embodiment (a program for causing a computer to execute
processing of each portion) are stored.

The control unit 10 controls the entire apparatus. The con-
trol unit 10 1s an arithmetic unit that executes a variety of
arithmetic and control processes. Functions of the control unit
10 may be provided by a program or hardware such as pro-
cessors (e.g., a CPU and a DSP) and an ASIC (e.g., a gate
array). The control unit 10 performs a variety of processes 1n
the present embodiment on the basis of the program (data)
stored 1n the information storage medium 17.

The control unit 10 includes a scan condition setting unit
101, the scan plan creating unit 102, a preprocessing unit 103,
a reconstructing unit 104, a time information obtaining unit
105, an indicating unit 106, an 1image binding unit 107, and a
display switching unit 108.

The scan condition setting unit 101 sets scan conditions of
an object. The scan conditions include a very large number of
set 1items such as a scan mode for indicating a scan type, a tube
voltage, a tube current, a diameter of 1imaging field of view
(S-FOV), a diameter of reconstruction field of view (D-FOV),
a slice thickness of imaging, a slice thickness of reconstruc-
tion, a helical pitch, the number of slice images, a start time
representing a time period elapsed from the start of scan, a



US 9,299,313 B2

S

wait time representing a time interval between adjacent scan
clements, and a rest time representing a time interval between
X-ray generations 1n a scan element in, for example, an S & S
mode. Typically, the scan mode includes scanogram 1maging,
a dynamic scan, an S & S scan, and a helical scan.

The scan plan creating unit 102 creates, as a scan plan, a
scan sequence in which the object P 1s scanned under the scan
conditions set by the scan condition setting unit 101. The plan
1s created with a time chart of changes 1n dose, for example.
A detail thereof will be described later.

The preprocessing unit 103 generates projection data by
performing preprocessing such as logarithmic transformation
processing and correction processing, including sensitivity
correction, on raw data (scan data) output from the DAS 24 of
the scanner apparatus 50 via the controller 32.

The reconstructing unit 104 performs reconstruction pro-
cessing such as a fan beam reconstruction scheme or a cone
beam reconstruction scheme on the projection data generated
by the preprocessing umt 103 to generate (or reconstruct)
slice tomogram data and stores thin slices of tomogram data
taken at one scan as one stack 1n the image database 19.

The time information obtaining unit 105 obtains scan
sequence mnformation from the scan plan creating unit 102.
Also, the time 1information obtaining unit 105 obtains scan
time 1information in scan data output from the DAS 24 of the
scanner apparatus 30 and stores the time information with
corresponding tomogram data 1n the image database 19.

The indicating unit 106 displays, on the basis of the time
information corresponding to predetermined tomogram data,
obtained by the time information obtaining unit 105 and
stored 1n the 1mage database 19, an 1image such as a display
bar indicating a particular position 1 the time chart of
changes 1n dose being the scan sequence displayed on the
display unit 12. Also, the indicating umt 106 indicates a
particular position in the scan sequence at which tomogram
data 1s not created. A detail thereot will be described later.

The 1mage binding unit 107 binds a plurality of stacks of
tomogram data having the same scan conditions set by the
scan condition setting unit 101 and consecutive scan times
into one stack. In the bound stack, pieces of time information
of the stacks are added together.

The display switching unit 108 switches, for one stack into
which the image binding unit 107 has bound a plurality of
stacks of tomogram data, between presence and absence of
display of the time chart based on the scan time information in
cach stack. A detail thereof will be described later.

In the image database 19, tomogram data in one scan
reconstructed by the reconstructing unit 104 1s stored as one
stack. Also, in the image database 19, the scan time 1nforma-
tion obtained by the time information obtaiming unit 103 1s
stored with corresponding tomogram data.

Now, an operation of the X-ray CT apparatus 100 having
such a configuration will be described with reference to the
flow chart in FIG. 3.

The scan condition setting unit 101 sets various conditions
such as a scan mode, a tube voltage, and a slice thickness for
scanning the object P (step S101). Then, as a scan plan, the
scan plan creating unit 102 creates a scan sequence for the
object P under the various scan condition set by the scan
condition setting unit 101 in step S101 with a time chart of
changes 1n dose (step S103).

FIG. 4 1llustrates an exemplary time chart of changes in
dose 1n a scan plan. A part (A) indicates atimet_, tot_, when
sequential scans are performed and a dose. Toward achieving
maximum possible control of the object P’s exposure, the
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scan plan 1n the sequential scans of the part (A) 1s established
so that the scans are completed in a short period of time even
il a dose 15 large.

A part(B)indicates atime t,, tot,, when intermittent scans
are performed at short intervals and a dose. In the part (B),
since s1x scans are performed during the timet,, tot,,, a dose
per scan 1s smaller than that of sequential scans in the part (A).
Also, the plan 1s made so that a time of each scan 1s short and

a total time of the six scans 1s longer than the time of the part
(A).

A part (C) indicates atime t , tot_, when intermittent scans
are performed at intervals longer than the time of the part (B)
and a dose. Inthe part (C), since scans are performed six times
during the time longer than that of the part (B), adose per scan
1s smaller than that of the part (B). The plan 1s made so that a
time of each scan 1s longer than that of the part (B), and a total
time of the six scans 1s also longer than that of the part (B).

It should be noted that a vertical axis shows tube currents in
FIG. 4, but another indicator indicating dose may also be
adopted.

Referring back to FIG. 3, the control unit 10 then controls
an operation of the scanner apparatus 50 through the control-
ler 32 to scan the object P in accordance with the scan plan
created 1n step S103 (step S105) and collect scan data (raw
data) output from the DAS 24 via the controller 32. At this
time, the time information obtaining unit 105 obtains scan
time information on the scan data (step S106).

Then, the preprocessing unit 103 performs logarithmic
transformation processing and correction processing on the
raw data collected 1n step S105 to generate projection data
(step S107). Then, the reconstructing umt 104 performs
reconstruction processing on the projection data generated by
the preprocessing unit 103 1n step S107 to create slice tomo-
gram data and stores a plurality of thin slices of tomogram
data per scan as one stack in the image database 19 (step
S109).

Next, the time information obtaining unit 105 obtains
information on the time chart indicating the scan sequence of
the scan plan created 1n step S103. Also, the scan time 1nfor-
mation obtained 1n step S106 i1s stored 1n association with the
tomogram data stored 1n the image database 19 1n step S109
(step S111).

Then, the display unit 12 simultaneously displays, on a
confirmation screen viewed after the scan, both of the tomo-
gram data including the scan time information stored in the
image database 19 1n step S111 and the time chart of the scan
plan (step S113). At this time, the tomogram data 1s displayed
as stacks on a one-by-one basis. IT one stack of the tomogram
data displayed on the display unit 12 is selected through the
operation unit 13 (step S115: Yes), then the indicating unit
106 1ndicates a corresponding position on the time chart with
a dotted display bar, based on the time information in this
tomogram data (step S117).

FIG. 5 1llustrates an exemplary confirmation screen dis-
played on the display unit 12. An upper left area (a) in the
screen shows display buttons, a patient selection button, and
which of images A, B, C, and D from modalities 1s being
viewed 1n detail. The images are displayed on four sections
into which a screen 1s divided. In FIG. 5, a detail of the image
A surrounded by a solid frame 1s being displayed. An upper
right area (b) 1n the screen displays a CT image of a brain, and
a lower right area (d) displays, for each stack, tomogram data
slices including the CT 1mages of the brain 1n the area (b). A
lower left area (¢) shows the time chart of the changes 1n dose
shown 1n FIG. 4 1n the scan plan and detailed information on
the scan.




US 9,299,313 B2

7

The area (d) in FIG. 5 displays the stacks of the tomogram
data according to the scan plan displayed on the area (¢) (FIG.
4). The stacks of the tomogram data are displayed with scan
times; for example, the scan times are superimposed on the
data. At afirstrow of the area (d), a stack of the tomogram data
obtained at the time of the sequential scans 1n FIG. 4(A) 1s
displayed. At a second row, stacks of the tomogram data at the
time of the intermittent scans at short intervals in FIG. 4(B)
are displayed. At this time, since the scans are performed six
times, the number of stacks 1s six. At a third row, stacks of the
tomogram data obtained at the time of the intermittent scans
at long mtervals 1n FI1G. 4(C) are displayed. Since the scans
this time are also performed six times, the number of stacks 1s
S1X.

For example, i a second stack at the second row 1s selected
in the area (d) of FIG. 5, then 1n the time chart displayed on the
area (c), a dotted display bar 1s displayed at a position of time
when the selected stack 1s scanned (in this example, the sec-
ond position 1n the short-interval intermittent scans (B)).

Also, the 1mage binding unit 107 may bind a plurality of
stacks having same scan conditions and consecutive scan
times mto one stack (bound stack) and display the bound
stack on the area (d) (see FIG. 5). Binding a plurality of stacks
reduces noise 1n an 1image itself and results 1n a clear image of
inflow and outflow 1n blood vessels, for example.

Fourth or later rows of the area (d) display tomogram data
obtained by binding for each row or reconstructing the tomo-
gram data in the first to third rows. In FIG. §, by way of
example, the image binding unit 107 binds, every three stacks
starting from the top of the tomogram data 1tems at the second
row obtained by the consecutive scans, the data items into one
in a time direction, and the bound stacks are displayed at the
tourth row.

In the area (d), for example, 1f any tomogram data 1s recon-
structed, the tomogram data 1s displayed at a lower row 1n
creation order regardless of scan times of the original tomo-
gram data. Also 1f a stack of the reconstructed tomogram data
1s selected, a position of a corresponding scan time 1n the time
chart displayed in the area (c) 1s indicated by a display bar.

Thus, even 1f tomogram data 1tems are not arranged in the
order of scan times 1n the area (d), the operator can readily
judge at which scan time on the time chart in the area (¢) a
particular tomogram data 1tem 1s.

If one bound stack made of a plurality of stacks 1s selected,
a time period of a plurality of scan sequences corresponding

to the stacks configuring the bound stack may be displayed on
the time chart of the area (¢). An example of this case 1s shown
in the area (c) of FIG. 6.

Also, the display switching unit 108 may display with a
time-scale a bound stack made by binding tomogram data
items 1n the area (d). The area (d) 1n FIG. 6 shows an exem-
plary confirmation screen 1in which the time-scale display 1s
performed. Similarly to FIG. 5, at the fourth row of area (d) in
FIG. 6, the tomogram data 1tems are sequentially bound into
cach stack every three stacks starting from a top of the data
items at the second row. Each stack at the fourth row 1is
displayed with a time-scale 1n which pieces of time informa-
tion of three stacks configuring each bound stack are added
together. At thus time, in detailed information on the scan in
the area (c), time-scale display 1s “ON.” Also, the display
switching unit 108 may switch between presence and absence
of the time-scale display and display a current state on the
confirmation screen.

Note that the time-scale display 1s defined as displaying a
bound stack in connection with an 1image (see arrow 1mages in
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FIG. 5) indicating a period during which medical images
configuring the bound stack are picked up at the time of
displaying the bound stack.

The tomogram data at the fourth row 1n the area (d) 1indi-
cates that corresponding three stacks of the tomogram data at
the second row are bound, and includes three-stack time
information. According to the time-scale display, a time
period corresponding to bound tomogram data 1s displayed
under the tomogram data at the second row, and thereby the
operator can visually confirm stacked images and a time
range of 1mages on the area (d).

It should be noted that a bound stack may be displayed at
the bottom row as shown 1n the area (d) of FIG. 5, or may be
displayed at an upper or a lower row adjacent to a row at
which a plurality of stacks configuring the bound stack are
displayed. For example, assume that a plurality of stacks at
the second row are bound to generate a bound stack. In this
case, this bound stack may be displayed at the third row
immediately under the second row, and tomogram data items
originally at the third or later rows may be each moved down
by one row. Alternately, this bound stack may be displayed at
the second row, and tomogram data items originally at the
second or later rows may be each moved down by one row.

When a scan 1s performed 1in accordance with the scan plan
in FIG. 4, 11 generated tomogram data cannot be used because
of high noise caused by body movements of the object P, the
indicating unit 106 may indicate a part of the body move-
ments on the time chart displayed 1n the area (¢) of FIG. S or
FIG. 6. A display example of the time chart in this case 1s
shown 1n FI1G. 7. In FIG. 7, suppose that a body movement of
the object P occurs at the fourth one of the intermittent scans
in the part (B). At this time, even 1f the reconstructing unit 104
attempts to create tomogram data, since discontiguous slices
of data would be combined with each other at the body move-
ment part, a stack cannot be generated. As a result, fourth
tomogram data 1s not created. Eventually, the number of
tomogram data would be reduced by one, resulting 1n only
five. Then, the indicating unit 106 indicates a scan sequence
of the body movement part on the time chart. In FIG. 7, the
fourth scan sequence in the intermittent scans (B) 1s indicated
by an arrow.

Thus, even if tomogram data 1s not displayed in the area (d),
because the time chart 1n the area (¢) can indicate which of
scans has been deleted due to a problem, the operator can
visually make a judgment.

According to the X-ray CT apparatus 100 of the present
embodiment, a scan plan 1s created as a scan sequence, and a
scan 1s performed 1n accordance with the scan plan to obtain
tomogram data. Further, corresponding scan time informa-
tion 1s obtained and stored. After the scan, a confirmation
screen simultaneously displays both of the tomogram data
and the scan sequence and also displays a scan time corre-
sponding to predetermined tomogram data on the scan
sequence. Accordingly, the operator can visually confirm
time information on an 1image collected by a scan. Therefore,
according to the X-ray CT apparatus 100 of the present
embodiment, the operator can intuitively understand time
information on an 1mage obtained after a scan.

Second Embodiment

Next, a medical image display apparatus of a second
embodiment according to the present mmvention will be
described.

The medical image display apparatus according to the sec-
ond embodiment treats information having medical images
associated with times when the medical images are picked up.
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In the following description, as the medical image display
apparatus according to the present embodiment, the same
X-ray CT apparatus 100 as that in the first embodiment 1s used
by way of example.

The X-ray CT apparatus 100 in the second embodiment 1s
different from the X-ray CT apparatus 100 1n the first embodi-
ment in that information on a scan sequence 1s not necessary
and additionally used. Because other components and opera-
tions are substantially the same as those of the X-ray CT
apparatus 100 1llustrated in FIG. 1, the same reference numer-
als are assigned to the same components and a description
thereol will be omatted.

FIG. 8 1s a flow chart illustrating an exemplary operation of
the X-ray CT apparatus 100 according to the second embodi-
ment. Same reference numerals are assigned to the same steps
as those 1 FIG. 3, and a redundant description thereof is
omitted.

In step S201, the display unit 12 displays tomogram data
including scan time information stored 1n the 1mage database
19 on a confirmation screen seen after a scan.

FI1G. 9 1s an explanation diagram 1llustrating another exem-
plary confirmation screen including bound stacks.

In step S203, the image binding unit 107 generates a bound
stack made of a plurality of stacks having the same scan
conditions and consecutive scan times and displays the gen-
erated bound stack 1n the area (d) (see FIG. 9). Binding a
plurality of stacks reduces noise 1n an 1mage 1tself and results
in a clear image of inflow and outflow 1n blood vessels, for
example. FIG. 9 shows an example in which the tomogram
data 1tems at the second row are bound into one stack every
three stacks starting from a top of the data items and the bound
stacks are displayed at the fourth row (bottom row).

FIG. 10 1s an explanation diagram illustrating another
exemplary confirmation screen mncluding time-scale display
of the bound stacks.

In step S205, the display switching unit 108 displays a
bound stack obtained by binding the tomogram data 1tems in
the area (d) with a time-scale (see FI1G. 10).

Similarly to FI1G. 9, the fourth row 1n the area (d) of F1G. 10
shows an example of the case in which the tomogram data
items at the second row are bound 1nto one stack every three
stacks starting from a top of the data items. Each stack at the
tourth row 1n the area (d) of FIG. 10 1s a bound stack 1n which
pieces of time mformation of three stacks configuring each
bound stack are added together. The display switching um
108 performs time-scale display on the basis of the time
information of the plurality of stacks configuring the bound
stack. At this time, 1n detailed information on the scan in the
area (c), time-scale display 1s “ON.” Also, the display switch-
ing umt 108 may switch between presence and absence of the
time-scale display and display a current state on the confir-
mation screen.

The tomogram data at the fourth row 1n the area (d) indi-
cates that corresponding three stacks of the tomogram data at
the second row are bound, and includes three-stack time
information. According to the time-scale display, a time
period corresponding to bound tomogram data 1s displayed
under the tomogram data at the second row, and thereby the
operator can visually confirm stacked images and a time
range of 1mages on the area (d).

It should be noted that a bound stack and a time-scale of the
bound stack may be displayed at the bottom row as shown in
the areas (d) of FIG. 9 and FIG. 10, or may be displayed at an
upper or a lower row adjacent to a row at which a plurality of
stacks configuring the bound stack are displayed. For
example, assume that a plurality of stacks at the second row
are bound to generate a bound stack. In this case, this bound
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stack may be displayed at the third row immediately under the
second row, and tomogram data 1tems originally at the third or
later rows may be each moved down by one row. Alternately,
this bound stack may be displayed at the second row, and
tomogram data 1tems originally at the second or later rows
may be each moved down by one row.

According to the foregoing procedure, a bound stack
obtained by binding a plurality of stacks may be displayed
with a time-scale without using scan sequence information.

The X-ray CT apparatus 100 according to the second
embodiment can display a bound stack obtained by binding a
plurality of stacks with a time-scale without using scan
sequence mformation. The user may view the time-scale dis-
play of the bound stacks (see the area (d) 1n FIG. 10), thereby
casily confirming time information on the bound stacks and
casily confirming a relationship between the bound stack and
a plurality of stacks configuring the bound stack.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What 1s claimed 1s:

1. A medical image display apparatus, comprising;:

a control circuit configured to obtain information on a scan
sequence and obtain a plurality of scan time information
values, each of the plurality of scan time mnformation
values being information of a time when scan data for
cach of a corresponding plurality of reconstructed medi-
cal images were picked up in accordance with the scan
sequence;

a memory configured to store the plurality of scan time
information values obtained by the time information
obtaining unit 1n association with the corresponding plu-
rality of reconstructed medical images; and

a display configured to simultaneously display the plurality
of reconstructed medical images, each of which 1s asso-
ciated with the corresponding scan time information
value of the plurality of scan time information values
stored 1n the memory, and a time chart indicating the
scan sequence,

wherein the control circuit 1s further configured to, when a
reconstructed medical 1image of the plurality of recon-
structed medical 1mages displayed on the display 1s
selected, display a marker indicating a time position on
the time chart corresponding to a scan time information
value associated with the selected reconstructed medical
1mage.

2. The medical image display apparatus according to claim

1, wherein the control circuit 1s further configured to

set a scan condition under which an 1image of an object 1s
picked up; and

create the scan sequence under the scan condition set by the
scan condition setting unit as a time chart of changes 1n
dose 1n a scan.

3. The medical image display apparatus according to claim

2, wherein

the control circuit 1s further configured to, based on the set
scan condition, collect the scan data of the object 1n
accordance with the created scan sequence and create a
corresponding plurality of reconstructed slice tomo-
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gram data, obtain information on the created time chart
and obtain the plurality of scan time information values
corresponding to the created plurality of reconstructed
slice tomogram data,

the memory 1s configured to store the plurality of scan time
information values obtained by the time information
obtaining unit 1n association with the plurality of recon-
structed slice tomogram data,

the display 1s configured to simultaneously display the

plurality of reconstructed slice tomogram data, each of

which 1s associated with the corresponding scan time
information value stored 1n the memory and the created
time chart, and

the control circuit 1s further configured to, when recon-
structed slice tomogram data of the plurality of recon-
structed slice tomogram data displayed on the display 1s
selected, display an 1image indicating a time position on
the time chart corresponding to a scan time information
value associated with the selected reconstructed slice
tomogram data.

4. The medical image display apparatus according to claim

3, wherein

when there 1s a body movement of the object 1n a scan, the
control circuit does not create reconstructed slice tomo-
gram data in the scan, and

the control circuit 1s configured to indicate a corresponding
position on the time chart at which the control circuit
does not create the reconstructed slice tomogram data.

5. The medical image display apparatus according to claim

1, wherein the control circuit 1s further configured to generate
a bound stack made by binding the plurality of reconstructed
medical images having a same scan condition and consecu-
tive scan times 1nto one stack.

6. The medical image display apparatus according to claim

5, wherein when displaying the bound stack, the display is
configured to, based on the plurality of scan time information
values, perform time-scale display in which the bound stack
1s displayed with an 1mage indicating a period during which
the plurality of reconstructed medical images configuring the
bound stack were picked up.

7. The medical image display apparatus according to claim

6, wherein the control circuit 1s further configured to switch
between ON and OFF of the time-scale display 1n the display.

8. A medical image display apparatus, comprising:

a control circuit configured to obtain scan time information
as information of a time when a medical 1mage was
picked up;

a memory configured to store the scan time information
obtained by the control circuit in association with the
medical 1mage, wherein the control circuit 1s further
configured to generate a bound stack made by binding a
plurality of medical images having a same scan condi-
tion and consecutive scan times 1nto one stack; and

a display configured to display the medical image being
associated with the scan time information stored in the
memory, and configured to, when a bound stack bound
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by the control circuitis displayed, based on the scan time
information, perform time-scale display in which the
bound stack 1s displayed with a marker indicating a
period from a time when a medical 1mage picked up at
first out of the plurality of medical images configuring,
the bound stack to a time when a medical image picked
up last out of the plurality of medical images configuring

the bound stack.
9. The medical image display apparatus according to claim
8, wherein the control circuit 1s further configured to switch

between ON and OFF of the time-scale display in the display.

10. A non-transitory computer-readable medium storing a
program causing a computer to perform the steps of:

obtaining mformation on a scan sequence and obtaining a
plurality of scan time information values, each of the
plurality of scan time imnformation values being informa-
tion of a time when scan data for each of a corresponding
plurality of reconstructed medical images were picked
up 1n accordance with the scan sequence;

associating the plurality of scan time information values
with the corresponding plurality of reconstructed medi-
cal images;

displaying simultaneously, on a screen of a display, the
plurality of reconstructed medical images, each of
which 1s associated with the corresponding of scan time
information value and a time chart indicating the scan
sequence; and

displaying, on the display, when a reconstructed medical
image of the plurality of reconstructed medical images
displaved on the display 1s selected, a marker indicating,
a time position on the time chart corresponding to a scan
time i1nformation value associated with the selected
reconstructed medical 1image.

11. A non-transitory computer-readable medium storing a

program causing a computer to perform the steps of:

obtaining scan time mnformation as information of a time
when a medical image was picked up;

associating the scan time information with the medical
1mage;

generating a bound stack made by binding a plurality of
medical images having a same scan condition and con-
secutive scan times into one stack:

displaying the medical image associated with the scan time
information on a display; and

performing, when the bound stack 1s displayed on the
display, based on the scan time information, time-scale
display 1n which the bound stack 1s displayed with a
marker indicating a period from a time when a medical
image picked up at first out of the plurality of medical
images configuring the bound stack to a time when a
medical 1mage picked up last out of the plurality of
medical images configuring the bound stack.
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